String effective theories with N=1 supersymmetry in four dimensions are subject of the discussion. Gaugino condensation in the chiral representation of the dilaton is reviewed in the truncated formalism in the U K (1)-superspace. Using the supersymmetric duality of the dilaton the same investigation is made in the linear representation of the dilaton. We show that for the simple case of one gaugino condensate the results concerning supersymmtry breaking are independent of the representation of the dilaton.
INTRODUCTION

Introduction
String effective theories with N=1 supersymmetry in 4 dimensions are subject of the discussion. These theories are effective in the sense, that they are low-energy limits of a given higher dimensional string theory after dimensional reduction and integrating out all heavy modes. At tree level the gauge coupling constant can be expressed by the vacuum expectation value of the dilaton superfield S: g 2 = 2 S +S −1 . Throughout this text S +S will be denoted as the chiral representation of the dilaton. It has been shown that there exists a supersymmetric legendre transformation called supersymmetric duality, which transforms S+S into a linear superfield L [1, 2, 3, 4, 5, 6, 7] , where L will be called the linear representation of the dilaton. From the point of view of string theory this is very attractive, because the linear superfield contains a real scalar, denoted as the dilaton C here, and an antisymmetric tensor. This field content naturally exists together with the graviton at the massless level of string theories. The corresponding vertex operators are
(1.1) with ε µν = ε νµ for the graviton, ε µν = −ε νµ for the antisymmetric tensor and ε µν = ε νν for the dilaton. Since one integrates out only the massive states to go to the effective theory, these fields appear in the low energy supergravity action of four-dimensional, N = 1 supersymmetric heterotic strings. Due to phenomenological reasons N = 1 supersymmetry must be broken. Non-perturbative condensation [8] of gauginos provides a promising mechanism for spontaneous supersymmetry breaking at the level of the effective supergravity action and has been studied extensively [9, 10, 11] in the pure chiral formulation of global and local supersymmtry. According to Witten's index theorem [12] global supersymmetry is not broken in a pure Super-Yang-Mills model or a Super-Yang-Mills model coupled to real matter representation, at least in the case of massive matter fields. This leads to the so called truncated formalism in studying gaugino condensation and will be very powerful in the following discussion. Since, as already mentioned, the linear representation of the dilaton plus antisymmetric tensor field appears to be more natural in string theory, it is an important task to see whether supersymmetry breaking by gaugino condensation can be also consistently formulated within the linear formalism. This topic was essentially not yet discussed in the literature (for some interesting considerations see [7] ), and we try to make a step to fill this gap. An important aspect within this framework is that the linear formalism automatically preserves an U(1) P Q symmetry, namely shifts in the antisymmetric tensor field of the form b mn → b mn + ∂ m b n − ∂ n b m with b m arbitrary. Thus describing the gaugino condensation in the linear formalism implicitely assumes that the U(1) P Q symmetry is not broken by the non-perturbative dynamics. (Perturbatively, the U(1) P Q holds in any case.) We will show in the following that the formation of one gaugino condensate in one hidden gauge sector can be consistently formulated within the linear formalism. The case of several gaugino condensates is planned to be investigated in the future.
The paper is organized as follows: After definition of the field content and discussion of the symmetries, a short introduction in the U K (1)-superspace is given. Afterwards gaugino condensation is studied in the chiral and the linear representation of the dilaton. The supersymmetric duality is also investigated in the Lorentz-superspace, where some subtleties occur.
2 Field Content and Symmetries N = 1 supersymmetric theories can be easily defined in superspace [13, 2, 14] . One of the basic objects in any superspace formulation are chiral superfields Σ, because their lowest components are scalar fields parametrizing a Kähler manifold [15] . These chiral superfields obey the constraint
and are defined at component level
The Yang Mills multiplet W (r) α with the index r belonging to the internal gauge group is defined as
and the field strength reads
with the generators of the internal gauge group satisfying By constructing the chiral density E = e + ieθσ aψ a − eθ 2 (M +ψ aσ abψ b ) one finds for the supergravity sector the graviton, the gravitino and two auxiliary fields [13] 
The linear multiplet L is the difference of the Chern-Simons superfield Ω [3, 6, 5, 4] and the real linear multiplet l and satisfies the following constraint:
The real linear multiplet l obeys (
The linear multiplet L contains a real scalar C, which is called dilaton in this framework, its supersymmetric partner, the dilatino ϕ α , an antisymmetric tensor b mn and the Yang-Mills Chern-Simons form
The supersymmetric duality of the dilaton will be discussed in this paper and the duality transformed linear multiplet will be denoted as S R = S +S with S being a chiral superfield. Inspired by [16] one defines
Effective superstring models do not only have the symmetries of usual supergravity theories, namely Kähler symmetry [2] or super-Weyl-Kähler symmetry [13] , but also target space modular symmetries (for a review see [17] ) induced by the target space duality group. For orbifold compactifications the target space duality group is often given by the modular group P SL(2, Z), acting on one chiral field T as
where T corresponds to an internal, overall modulus: T = R 2 + iB. We just consider this case for simplicity. Then the effective supergravity action has to be target space modular invariant [18] .
The target space modular transformations act as Kähler transformations on the Kähler potential. Kähler transformations are harmonic transformations of the Kähler potential of the form
where F (Σ) are arbitrary holomorphic functions. The superpotential ω(Σ) must transform in the following way under Kähler transformations:
The (super-Weyl-) Kähler and the modular symmetry can be characterized by weights. With respect to one of these symmetries the weights add up and an invariant expression has vanishing weight:
In the U K (1)-superspace formulation [2, 14] all the weights of these different symmetries can be characterized by Kähler weights only. Furthermore the U K (1)-superspace is manifestly Einstein normalized. This issue will be very powerful in the discussion of the supersymmetric duality of the dilaton.
The structure group of U K (1)-superspace is SL(2, C) × U K (1) and the corresponding two Lie algebra valued connections are
The U K (1) connection A is a composite gauge connection defined as
and K is the Kähler potential defining a Kähler manifold. The corresponding Kähler-form, also denoted as K for simplicity, obeys the Kähler condition [15] :
3)
Introducing an internal gauge group with connection h
M a one can solve the Bianchi-identities subject to a set of constraints [19] . It turns out, that the basic objects of the theory are the following superfields with Kähler weights
Here X α is the field strength of the U K (1) connection with
The resulting action is invariant under Kähler, gauge and Lorentz transformations [2, 5] . Superfields Z with Kähler weight W K (Z) = γ transform under Kähler transformation as
and the covariant derivative is given as
To build a model it is necessary to know about three functions [20] , namely the Kähler potential K, the superpotential ω and the gauge kinetic function f AB . We now consider the case of one gaugino condensate in a pure Yang-Mills hidden gauge sector with gauge group G. The corresponding N = 1 β-function coefficient is denoted by b (b = −3N for G = SU(N)). The induced effective superpotential dictated by Ward identities and modular invariance, is non perturbative and reads [21] ω
where f AB ∼ δ AB f (Σ). The light degrees of freedom are represented by gauge-singlet composite superfields:
with 
Gaugino Condensation
Now gaugino condensation can be studied in the framework of U K (1)-superspace. Everything is worked out in the truncated formalism.
The Chiral Representation of the Dilaton
The tree-level Kähler potential under discussion will be
and the gauge kinetic function reads at tree level plus one loop [22] (we neglect effects from possible Green-Schwarz terms, i.e. we assume that S is invariant under target space modular transformations)
η(T ) is the well-known Dedekind function. So the gauge kinetic function leads to an effective superpotential [11] 
If global supersymmetry is not broken, one can eliminate the condensate Y and go to the truncated lagrangian. The condition for unbroken global supersymmetry reads
and yields the equations of motion for the composite field Y .
The first equation of motion is just the trivial minimum corresponding to V = 0. For gaugino condensation one must find an energetically favoured minimum compared to this trivial one. Note that the second equation is equivalent to the statement, that the superpotential is chiral. It vanishes in the flat limit, where e K → 1 in (4.3). Therefore the second equation of motion must hold and will be studied further. The truncated superpotential reads now [10] 
ω(S, T ) = g(S) h(T ) (4.7)
with the definition
As usual one performs a Kähler transformation to go to the G-function: with G = K + ln|ω| 2 and η −6 ′ = η −6 ω −1 the lagrangian reads
if -as considered here -the superpotential is non-singular. Going to components the potential reads in general [20] 
(4.12)
If one introduces now the Eisenstein functionĜ 2 (T ) = G 2 (T ) − 2π T R and defines k(S +S) = (
2 one finds the effective potential in the chiral representation of the dilaton
Note that the potential is positive for a constant superpotential, say ω = 1, if the Kähler potential is of the considered no-scale type.
Duality Transformation
The supersymmetric duality transformation amounts to a legendre transformation, which transforms the dilaton superfield S +S into the linear multiplet
Now one adds a lagrange multiplier L lm and sets S +S = U, where U is unconstrained. The lagrange multiplier contains the unconstrained field U and the real linear multiplet l. The whole system adds up to an unconstrained lagrangian L u .
Variation with respect to l yields the old theory in the chiral representation of the dilaton. Variation with respect to U yields the linear representation of the dilaton. The following variations in U K (1)-superspace must be used:
Note that L pot is invariant under variations with respect to U because ω = ω(U). The other part of the unconstrained lagrangian yields
So one finds with K(U) = −4n lnU the duality relation
Inserting this relation, one ends up with the new dual lagrangian. Note that the duality transformation has eaten the Yang-Mills tree-level action of the chiral representation of the dilaton. This part of the action will not enter an effective superpotential anymore. In the following it will be shown, that also in the potential this part is absent. That is to say, the characteristic term e −βS vanishes in the linear representation of the dilaton. In the dual theory one needs only to know two functions, namely the dual Kähler potentialK dual = 4n lnL − 4n ln 2 − 3 ln(T +T ) and the superpotential ω. The price one has to pay is, that the dual Kähler potentialK dual is ill defined in the sense, that it is not a Kähler potential defining a Kähler manifold. However this can be healed by demanding, that the well-defined dual Kähler potential K dual does not depend on the linear multiplet L. That is to say
, with f (L) = 4n ln(L/2) in this specific considerations. So by identifying the well defined Kähler potential one ends up again with three functions, one has to know for model building. But in this context the question arises, if the dual Kähler potential can always be decomposed in such a way.
Linear Representation of the Dilaton
In the linear representation of the dilaton 2 the effective superpotential is given by
only. Again one eliminates the condensate and finds the truncated superpotential
The equation of motion for the condensate reads
Again one performs a Kähler transformation to go to the Γ-function: With Γ =K + ln|ω| 2 and η −6 ′ = η −6 ω −1 the whole lagrangian is given by (4.19) . L pot transforms in the following way under this Kähler transformation: At this point one has to ask for the potential. This time the potential is given by two parts. One is the usual scalar part given by eliminating the auxiliary fields M and F i . The second part is given by contributions, where the dilaton couples to the gaugino condensate only. The lagrangian considered here is evaluated at component level in [2] . The part of the lagrangian containing the auxiliary fields reads
where G is the well-defined dual G-function:
So the scalar potential from this part after elimination of the auxiliary fields is
(4.27) and reduces to the known potential in the chiral limit n = 0. It is positive again for the considered no-scale Kähler potentialK and ω = 1 -in analogy to the chiral representation of the dilaton. The second part of the potential is the sum of all monomials coupling the dilaton C only to the condensate tr λ 2 :
Eliminating the condensate by the equation of motion (4.25) one finds
The sum of (4.27) and (4.29) gives the full scalar potential in the linear representation of the dilaton, if gaugino condensation takes place. In analogy to the chiral case one defines k(C) = (
and finds for general n the identity k(C) = k(S +S) and
And for n=1/4 this reduces to
where ω is given by (4.21) . The parameter n must be equal to 1/4 to lead to a good duality preserving the canonical form for the Yang Mills action at component level [2] . The mechanism of supersymmetry breaking by this effective potential, discussed in the chiral representation of the dilaton in [10] , is still valid, although the potential looks slightly different.
Connection to Lorentz-Superspace
In the Lorentz-Superspace of [13] the considered lagrangian looks like
This lagrangian is invariant under the super-Weyl-Kähler symmetry. The torsion constraints of Lorentz superspace [19, 13] are invariant under super-Weyl transformations
In the end one can introduce a Weyl weight W w and the super-Weyl transformation law [13] 
For the superfields of interest one finds 
and by variation with respect to U L = − 1 2n 6) which becomes the duality relation in Lorentz-superspace if K(U) = −4n lnU:
This duality relation looks different to (4.18) and it seems, that the whole Kähler potential is involved. But it only looks like, because we are not in an Einstein normalized frame. That is to say, we still have to perform the Weyl-rescaling of the vielbein and the appropriate shift of the gravitino. This manipulation is different than the one in the pure chiral theory of [13, 20, 24] . Inserting (5.7) in (5.5) one ends up with the dual theory.
(4n lnL − 4n ln2 − 3 ln(T +T )) (5.9)
Performing now a Weyl-rescaling of the vielbein e Still the same arguments given in the U K (1)-superspace formulation yield a well defined Kähler potential.
Conclusions
It has been shown, that the three basic functions relevant for model building in local effective string theories in 4 dimensions, namely the Kähler potential, the superpotential and the gauge coupling function can be reduced in the linear representation of the dilaton to two functions at tree level. However one ends up again with three functions if one identifies a well-defined Kähler potential satisfying the Kähler condition. Gaugino condensation has been studied in the framework of U K (1)-superspace in the chiral and the linear represention of the dilaton and it turns out, that the known results of the chiral representation are completely equivalent to the results in the linear representation. For the case of one gaugino condensate the supersymmetric breaking procedure is not affected by the duality transformation. Furthermore the duality transformation has been analysed also in Lorentz-superspace and it has been shown, that the field dependent Weyl-rescaling differs from the known pure chiral case. So in the framework of a superconformal theory the gauging of the compensators [20, 24] , which leads to the Poincare group as the structure group only, also differs from the gauging in the chiral representation of the dilaton.
